The aim of this article is to measure the effect on performance, of the innovation in the organizational structure of the laboratories for clinical research associated with healthcare in infectious diseases of the Evandro Chagas National Institute of Infectious Diseases (INI) at Fiocruz in 2007, an Pro-innovation restructuring strategy: case study of a multipur-pose public organization in health REBRAE, Curitiba, v. 9, n. 1, p. 62-78, jan./april 2016 63 effect herein identified as representative of the corporate intangible assets resulting from such restructuring strategy. The method consists, first, in the analysis of the literature about the measurement of intangible assets and organizational innovation, the potential effects of organizationï¿½s structure in performance, and the assessment of multipurpose public organizations in health, as sources of the basic notion on relations between intangible assets, organizational structure and performance which is used in this research. Next, the empirical research involves: (a) characterizing the change in organizational structure of 8 INI laboratories; (b) quantifying variables on the use of consumer goods and specialized personnel and on the production of teaching, research and health care; (c) calculating indicators about the development of relative technical efficiency of INI laboratories in the period 2002-2014, through Data Envelopment Analysis (DEA); and (d) using these indicators to compare the performance of these laboratories before and after the organizational innovation associated with the adoption of the Innovative Structure in their restructuring. As a contribution to knowledge, opens up prospects of collaborative research in Administration, Accounting and Economics for the development of a metric for organizational innovation. As management contribution, confirms the association between restructuring of INI laboratories as Innovative Organizations and their improvement in performance. Although the case study method imposes limitations to the generalizability of these results, mainly because there are no sufficient multipurpose organizations that use this methodology in performance assessment, it brings evidence on the potential benefit of the entrepreneurial-oriented innovation for the expansion and improvement of multipurpose public organizations.
Introduction
A public organization's knowledge is associated with its strategic positioning, as attested by the literature, thus raising interest in innovation as a key focus of organizational assessment, including efforts at innovation measurement and diffusion. Accounting Sciences in particular define knowledge as an intangible asset (CONSELHO FEDERAL DE CONTA-BILIDADE, 2013) whose value may even exceed the book value of a company's hard assets (SVEIBY, 1998) .
Studies in Business Administration on the measurement of intangible assets recognize knowledge as a key factor for competitive advantage and propose its assessment as a source of innovation.
Given the need for measurement in innovation assessment, the Oslo Manual defines innovation as "the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organizational method, in workplace organization or external relations" (ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOP- MENT, 2005, p. 47) .
As an interesting example for innovation assessment studies, the Evandro Chagas National Institute of Infectious Diseases (INI) of the Oswaldo Cruz Foundation (Fiocruz), a Brazilian multipurpose public organization in health, with activities in research, teaching, and patient care, adopted a strategy of change in 2006 in the organizational structure of its clinical research laboratories associated with patient care in infectious diseases. The aim was to promote innovative orientation internally to enhance the strategic positioning of the Institute's research activity in health starting in 2007.
This article thus aims to contribute to knowledge on the measurement of public organizations' intangible assets through a case study that assesses the effect of implementing the strategy of change in the INI structure, based on the notion shared by Business Administration, Accounting Sciences, and Economics on the importance of organizational innovation for adding value to productive organization.
In order to assess the positive effect of the organizational innovation implemented at INI, the frame of reference involved the measures for implementing organizational structural change in the Fiocruz institutes, resulting from the strategy approved by the Fiocruz Internal Congress in September 2006, i.e., a transition from a divisional to an innovative structure, inspired by the concepts of Mintzberg et al (2006) , and under the hypothesis of further enhancing the Foundation's development.
The results-based management of clinical research at INI, the management model adopted in 1999, aimed to monitor the Institute's research activities with performance indicators measured since 2002. Using these indicators, the article assesses the performance evolution of the clinical research laboratories as a whole and associates the evolution with the effect of intangible assets accumulated as part of restructuring.
The article includes four sections in addition to this Introduction. The first develops the theoretical basis for addressing the theme. The second discusses the case study method and research design. The third presents the analysis of the results and the fourth the principal contributions of the analysis and the study's limitations.
Theoretical framework
To choose the measure of the effect of restructuring on the organization's efficiency in this assessment of the organizational innovation, we drew on: (a) models from the literature in Business Administration, Accounting Sciences, and Innovation Economics that assess the organization's intangible assets and organizational innovation, based on measures of its effect on the organization's performance; (b) the relationship between structure and innovative behavior in Mintzberg's organizational structure theory; and (c) the concepts of endogenous growth theory as applicable for elucidating the guiding principles of innovation in a multipurpose public organization in health.
Metric for intangible assets
The combination of resources to organize production in a competitive environment results from the configuration of the company's assets: "(a) a resource controlled by an entity as the result of past events and (b) of which future economic benefits are expected to result" (CONSELHO FEDERAL DE CONTABILIDADE, 2013, p.5) .
The strategic nature of the assets accumulated by the company to determine its competitive positioning in the market explains the importance assigned by Accounting Sciences to measurement of intangible assets. Assets' tangibility is an important criterion for distinguishing among them, since assets have a visible side, represented by the tangibles, and an invisible side, represented by the intangibles, and both have value for the company (HENDRIKSEN; BREDA, 1999) . Cavalcanti & Gomes (2000) contend that the knowledge economy shifts the axis of wealth and development to technology-and knowledge-intensive sectors, transforming the intangible's value into a major differential between companies. Hendriksen and Breda (1999, p. 388) emphasize the difficulty in measuring intangible assets due to the subjectivity involved in their recognition is highlighted, i.e., that intangible assets form one of the most complex areas in accounting theory, due partly to difficulties in defining them, but mainly because of uncertainties in measuring their values and estimating their lifespans.
Given recognition of intangible assets' importance, the underlying notion in designing models for analyzing intangible capital in Edvinsson & Malone, Jóia, and Stewart is that the effect of the structural and organizational component of intellectual capital incorporated by the organization is decisive for its relative performance in a competitive environment. Indeed, according to Edvinsson & Malone (1998, p.31-33) , structural capital represents everything that supports human capital: organizational capital, including systems, instruments, and organizational philosophy; innovation capital, or the capacity for renewal and the results of innovation; and processes capital, comprised of processes and techniques that expand the organization's efficiency. According to Jóia (2000) , structural capital involves the company as a whole, or that which it mobilizes to generate knowledge, encompassing internal processes, relations with suppliers, clients, and service providers. Innovation capital is defined by Jóia (2000, p.56) as "a direct consequence of the company's culture and its capacity to create new knowledge based on existing knowledge", hence expressing the need for an adequate structure that fosters the full development of its human competencies. According to Stewart (1997, p. 79) , "Intellectual capital is not created from discrete wads of human, structural, and customer capital, but from the interplay among them." Thus, the methods for measuring intellectual capital used in the Skandia Navigator (1998), the Balanced Scorecard (1998), and the heuristic model proposed by Jóia (2000) adopt the perspective of the observed result, i.e., considering the effect on the organization's performance associated with the available intangible resources.
The Skandia Navigator was presented by Edvinsson & Malone (1998, p.61) as an index showing the organization's direction and velocity, expressed as the mean of the measures of the organization's efficacy, obtained by assessing the effects of activities with the potential to generate company value in the five areas that, according to the authors, orient the company's actions: financial, client, processes, renewal and development, and human resources.
Under the premise that "what is not measured is not managed", in Kaplan & Norton (1998, p. 21 (JÓIA, 2001, p.58) . In other words, Jóia (2000) adds considerations on prioritization to the method for calculating intellectual capital in Edvinsson & Malone (1998) , such that its contribution to the measurement of intangible capital also measures intellectual capital from the perspective of the actions' result for organizational performance.
Metric for organizational innovation
According to the Oslo Manual, the organization's objectives when pursuing innovation "may involve products, markets, efficiency, quality or the ability to learn and to implement changes", which defines organizational innovation as "the implementation of a new or significantly improved product (good or service), or process, a new marketing method, or a new organizational method, in workplace organization or external relations", and associates it with the result of strategic decisions (ORGANIZATION FOR ECONOMIC COOPERATION AND DE-VELOPMENT, 2005, p.20, 47) According to Lam (2004) , technological innovations, which include product and process innovation, can result from organizational innovation, and organizational innovation can be assessed according to three principal aspects: (a) the relationship between structural forms of organization and innovative capacity; (b) innovation as a process of organizational learning and knowledge creation; and (c) the organizational capacity for change and adaptation. Teece (1996) thus argues that organizational structures act on both innovation and products and processes, emphasizing the relevance of measuring organizational involvement in the innovation process.
According to Tushman, Newman & Romanelli (1986) , an organization's capacity for change and adaptation results from the fact that the organization's market is dynamic, so that changes are seen by successful organizations as a necessary alignment for sustaining the pace dictated by competition. As for innovation as a process of organizational learning, Takeuchi & Nonaka (2008, p. 41) contend that the organization is moved by knowledge, and that innovation can emerge from explicit or tacit forms of knowledge and their interaction. Meanwhile, Mintzberg et al (2006) identifies five structural forms of organization and highlights the efficacy of the innovative organizational configuration in a complex and unpredictable environment, since it promotes an entrepreneurial orientation, with incentives for (and diffusion of) innovative capacity throughout the organization.
In the literature on innovation, factors related to the objectives and effects of organizational innovation and those that hinder its diffusion serve to orient studies on its measurement. In other words, the observation of innovation in response to a new management strategy requires the result's measurement in the organization: "Organizational aspects are receiving growing attention as key factors for adequate innovative management in private enterprises, so it is essential to consider them in future surveys in the region" (JARAMILLO; LU-GONES; SALAZAR, 2001, p.54).
As for measurement of organizational innovation, the Oslo Manual does not prescribe a method, but gives examples of its objectives, "for example, reducing costs, improving production capabilities", and recommends collecting data on the objectives and effects of innovation: "While objectives concern enterprises' motives for innovating, effects concern the actual ob- 
Organizational structure and innovative performance
According to Tushman & Romanelli (1986) , organizational evolution is an incremental change involving various areas of adjustments and convergence between strategy, structure, persons, and processes. According to Lam (2004) , the relationship between organization and innovation occurs with the mediation of the organization's structural forms. On this point, "A firm's organizational structure can affect the efficiency of innovation activities, with some structures better suited to particular environments" (OECD, 2005, p. 38) .
With regard to the logic of the organization's structure, Mintzberg et al (2006, p.185) contend that there is no one single way to plan an organization and its coordination, and that the structure also represents situational factors that affect the organization. However, the structural models are shaped in internally consistent clusters of the six following basic components: the operational core, consisting of the operators that perform the basic work of manufacturing products and providing services; the top strategy, which is at least a manager that supervises the system; the middle line, consisting of managers that form a hierarchy of authority between the operational core and top strategy; the technostructure, consisting of analysts that perform administrative jobs like formally planning and controlling the work done by others; the support team, consisting of auxiliary units that provide internal services; and the ideology, the component that encompasses the organization's traditions and beliefs and that differentiates it from other organizations.
According to organizational structure theory in Mintzberg et al (2006) , the arrangement of these six basic components of the organization obeys the requirements of a division of labor in tasks to be performed and a coordination mechanism between these tasks (MINTZBERG et al, 2006, p. 186) . The basic mechanisms of coordination are: mutual adjustment, a process of simple informal communication; direct supervisions by a group leader; standardization of work processes through programming of the work content by the technostructure; standardization of results, dealing with specification of the results; standardization of skills, in which workers are standardized according to some knowledge or skills set transmitted to them in order to apply it on the job; and standardization of norms, according to which the workers share a common set of beliefs, based on which the coordination is established.
The five resulting configurations according to Mintzberg et al (2006, p.195) Based on the literature, the reason for adopting the innovative structure can involve incorporation of organizational innovation to solve problems of coordination and commitment resulting from the strategic objective of adaptation to the organization's expectations concerning the knowledge society, and to the response to its implications for the choice of assets: "to innovate means to break away from established patterns" (MINTZBERG et al, 2006, p.197) , and in this sense coordination needs to be flexible.
Relevant to this analysis, the Divisional Organization structure consists of various divisions with a certain degree of autonomy, but united by a central office. Division managers are responsible for the respective divisions' results and thus detain a certain level of autonomy.
The central office is responsible for the overall corporate strategy and uses the technostructure to plan and operate the performance system, designate division managers, and provide common support services to all the divisions, exerting control over their performance. Thus, the advantages -and limits -of the Divisional Organization structure are: incentive for efficient capital allocation; assistance to the central office in choosing the best form of resource allocation and training of general managers; risk diversification; and adherence to strategic orientation.
By comparison, coordination of the Innovative Organization structure has little formalization or job specialization via training specialists. The latter are organized in project teams to do the basic innovation work, or multidisciplinary teams that seek to solve problems directly on behalf of clients. The strategy results from specific actions taken in many places in the organization, such that the strategy takes shape along with the project's development. Efforts cannot be routine, and the coordination mechanism is mutual adjustment. Decision-making power is distributed across the organization as needed, based on expertise, not authority. The manager needs to know how to channel conflicts for productive purposes. Dynamic and complex environments are more appropriate for this structure.
Multipurpose public organization in health: innovation and assessment
In public administration, cost-efficient management allows assessing administrators' performance with predefined indicators. Considering the role played by correct cost appropriation as in incentive in management decisions, effective cost information is an important indicator for characterizing performance and backing organizational assessment.
The use of information on effective cost for assessment and incentive pertains to a specific approach to organizations' performance. This approach tends to assume that there is a benchmark that can be calculated accurately and that should serve for comparison with the cost actually observed in the organization. This is the so-called cost function, which depicts the cost at which an ideal organization should operate when it is devoted to cost minimization and relies on complete information a priori about the best technology and the prices of all the recommended production factors according to possible technical combinations. Any organizational deviation from the cost function is interpreted as a performance deficiency.
However, the assumption of the manager's command of complete information, incorporated into neoclassical company models in perfect competition, is no longer unanimous in Economic Analysis: the effective cost indicator is insufficient for confirming the underlying principle of innovation (DJELLAL & GALLOUJ, 2005) . Varian (2006) incorporates the hypothesis of information asymmetry into the description of the interaction between the agent of production and the manager. This results in interest in models that adopt the informational hypothesis on the existence of inefficiencies beyond the manager's control to explain the productive organization and its rationality through the search for relative performance efficiency (LEIBENSTEIN, 1966) . Recognition of inefficiencies and incomplete information in endogenous growth theory also distinguishes the axioms of models for determination of enterprises in imperfect competition (ROMER, 1994) . Meanwhile, the basic notion of the Learning Curve Model is that knowledge accumulation in the innovative organization is incremental in the short term (ROSEMBERG, 1976) .
The approach to the study of the productive organization vis-à-vis the hypothesis of the pursuit of relative efficiency oriented by observation of peers' performance has awakened interest in the use of the data envelopment analysis (DEA) model for calculating the frontier in the set of production possibilities that are observed empirically among the peers known to the index organization (MANTRI, 2008) .
In particular, the multipurpose public organization in health, defined here as a production unit that provides comprehensive health care services in association with teaching and research, is a public organization subject to internal conflicts of interest and which uses specialized resources, many of which are commercialized in incomplete markets, to produce public goods whose assessment is subject to experience with their use: (a) it involves multiple activities competing for available resources; (b) it belongs to a large family of health services units; and (c) it depends on internal structures to solve mutual adjustment problems (MINTZBERG et al., 2006) .
Adoption of the expansion strategy, as characterized by Rovere (1997) and Bisang & Katz (1996) , through the promotion of mission-oriented research for solving of coordination and commitment problems in public organizations in strategic health research, like Fiocruz, thus justifies posing the problem of performance assessment at INI as one of assessing the efficiency of its clinical research laboratories associated with patient care to obtain gains in efficiency in the use of specialized resources over time.
Research methodology
This study's basic tenet is that the positive effect of the organizational innovation consisting of the pro-entrepreneurial structural change on the performance of the multipurpose public organization in health is associated with accumulation of the organization's intangible assets and can be confirmed quantitatively with the aid of the following concepts from the literature: measurement of intangible assets; public management; incomplete information; measurement of organizational innovation; structure; entrepreneurial orientation; and efficiency.
The research uses the case study method and can be classified as exploratory, in the sense used by Marconi & Lakatos (2003, p. 188) , because it investigates the hypothesis of the organizational structure's influence on performance, aimed at contributing to measurement of organizations' intangible assets, clarification of the underlying concepts, and more precise research on measuring innovation, and descriptive, in the sense used by Gil (2002, p.42) , since it analyzes secondary quantitative data, aimed at defining, quantifying, and confirming the association between the structure and efficiency variables.
The research question is the following: how to assess the efficacy of the organizational innovation that consisted of the structural change oriented towards the adoption of the Innovative Organization configuration (Mintzberg, 1995) at INI. The overall objectives are to measure the effect of the innovation through the structural change in the laboratories conducting integrated research, teaching, and patient care in infectious diseases at INI in 2007, an effect identified as incorporation into the Institute's intangible assets, and to verify whether the efficiency of these substructures increased over time.
The INI laboratories are diversified organizational substructures regulated by Brazil's prevailing legislation on public administration, and as such their performance is conditioned by problems of coordination and commitment involved in the internal resources earmarked yearly in the Institute's public budget, given the goals -potentially competing for resourcesof their research, teaching, and patient care activities. Therefore, the study's first specific objective is to calculate indicators on comparative performance trends for the INI laboratories as production units, before and after the promotion of coordination mechanisms by mutual adjustment, empowerment of the operational core, and decentralization of the Fiocruz institutes, and the second is to assess the overall effect of restructuring the INI laboratories. 
Data envelopment analysis (DEA) for efficiency analysis
In any given production process, the organization that produces the most outputs with the same resources is considered relatively more efficient. Analogously, the organization that produces the same using the least resources is also considered relatively more efficient.
In performance analysis, technical efficiency reflects the organization's ability to obtain maximum yield from its production technology (COELLI et al., 1998) . The problem of selecting a standard for comparison between organizations is treated by identifying the efficiency frontier, defined as representing the set of organizations under analysis that cannot have their production increased given the resources they use, or which, given their production level, cannot reduce their use of resources.
Based on the above argument, the administrator does not have access to the theoretical transformation function and/or to the organization's true cost function. Thus, the efficiency frontier calculated with non-parametric adjustment represents the production frontier for the revealed best practices, i.e., the maximum empirically observed production by any productive organization in the study population, obtained from its actual supply of inputs.
This has sparked interest in the DEA model for assessment of comparable decisionmaking units (DMU) that use different amounts of inputs to produce different amounts of outputs. The aim is to obtain a production frontier given the following assumptions: there are inefficient and efficient producers; efficient producers are on an efficiency frontier given by their production; and inefficient producers are close to the frontier, and their inefficiency are defined as the distances from the inefficient producer's production level to the frontier (COELLI et al., 1998 ).
The DEA model can be visualized as follows: there are K productive organizations under analysis (U1, U2 , ...,UK); organization I produces M outputs (O1I,O2I, ...,OMI); and organization UI uses N inputs to produce these M outputs (I1I, I2I, ...,INI). Given, a priori, the weighting criterion for each of these inputs and outputs for obtaining the aggregate produc-tion YI and total inputs XI used by organization UI, e.g., by a complete price system for these M outputs and N inputs, it would be possible define the efficiency EI of UI as below, in which AHI is the weight of a unit of output OH in production YI of UI, and BJI is the weight of a unit of input IJ in the breakdown of total resources XI used by UI to produce YI:
Identification of the efficient frontier in a large number of K organizations considered all the volumes produced OH, as well as all inputs IJ used by each of K organizations. In addition, if all the weights AHI and BJI are known, an observable efficient frontier may exist, including all the L organizations, which among the K organizations under analysis, operate the best practices, i.e., the maximum empirically observed production by any organization in the target population, obtained from its effective allocation of inputs. In addition, it would be justified as specification of a standard for comparison that for all these L organizations situated on the frontier, EL = YL/XL = 1.
However, AHI and BJI are often not known to the observer, and it is hardly likely to extract them from the market's functioning or even from a process of coordination of preferences by vote. The DEA model's original solution to the problem as formulated was that if organization UL belongs to the efficient frontier, it is because there will be some set of weights (AHL and BJL) such that EL is the highest. In other words, a set of weights to be revealed, to which EL = YL/XL = 1 attests the greatest efficiency of organization UL in the use of the inputs actually chosen to produce the resulting outputs.
Having identified all the organizations UL that apply the best empirically observed practices, one obtains simultaneously the relative situation of all the others, i.e., those not belonging to the efficient frontier. This problem is solved once for each DMU, thus finding its summary relative efficiency score, i.e., how efficiently it is turning its inputs into outputs when compared to the other observed organizations.
DEA-CCR models are two linear programming models: input-oriented DEA-CCR (DEA-CCR-I) seeks to minimize consumption of inputs in order to produce at least the observed level of production; and the output-oriented CCR model (DEA-CCR-O) aims to maximize production, using at most the observed consumption of inputs. As for the DEA-BCC models, both those oriented towards decreasing inputs (DEA-BCC-I) and those oriented to increasing outputs (DEA-BCC-O), display a frontier surface with variable returns to scale and are relevant, since they allow assessment of DMUs with different scales (COELLI et al.,1998) .
Premises and limitations of the DEA Model
The DEA model's solutions to the problems faced by external evaluators justify the method's choice to assess the efficacy of the organizational structure in the INI laboratories:
(a) the model can simultaneously use multiple outputs and inputs, each considered in differ- Finally, an operational limitation to the DEA model, in terms of presenting consistent results to discriminate and order observations, is that the number K of DMUs analyzed must be at least triple the number of outputs (M) and inputs (N) used, i.e.,
Universe, sample, and data collection
The INI currently develops thirteen different integrated actions in research, teaching, and patient care in infectious diseases: Chagas disease; acute febrile diseases/dengue; infectious and parasitic diseases; human T-lymphotropic viruses (HTLV); American tegumentary leishmaniasis (ATL); meningitis; mycoses; paracoccidioidomycosis (PCM); toxoplasmosis; tuberculosis; HIV; sporotrichosis; and other infectious diseases.
The current study analyzed the evolution of eight laboratories in 2002-2014, consider- ing that these were the INI laboratories that completed the integration of research, teaching, and patient care activities in infectious diseases covered in the thirteen areas, namely the following eight laboratories: Chagas disease, acute febrile diseases, HTLV, leishmaniasis, mycoses, toxoplasmosis, tuberculosis, and HIV laboratories.
The data collection process used a structured spreadsheet for compilation in the INI files and processing the necessary data for quantification of the input and output variables and summary scores, respectively, to calculate the laboratories' DEA-efficient frontier, using it 
Tests for Checking the Statistical Precision of the Results
Since the available sample comes from a population with an unknown distribution of probabilities, nonparametric tests are recommended to analyze the summary scores calculated with DEA and deal with the problem of indetermination of the inherent calculation error in the chosen deterministic method (JORGE et al., 2006) .
Results
According to the reports by the Fiocruz Internal Congresses, which have decisionmaking power on the foundation's mission and organization, the structure of its institutes corresponded to the Professional Bureaucracy under the taxonomy proposed by Mintzberg in 1995 . In 1988 
Conclusions
In order to assess the strategy of adopting the Innovative Organization structure in the As for adding knowledge to Administration Theory, the article helps elucidate the potential effect of the strategy of organizational restructuring herein assessed as a problemsolving mechanism in coordination and commitment in the multipurpose public organization working in research, teaching, and patient care. As a contribution to Economics, the article offers evidence to support the hypothesis of the pursuit of relative efficiency -peer performance emulation -as a guiding principle of innovation in these organizations. As for empirical research in Accounting Sciences, the article presents an alternative for the assessment of intangible assets from the perspective of innovation results.
The article thus adds knowledge on the effect of decentralization with mutual adjustment and empowerment to promote an entrepreneurial attitude in innovation activities, illustrates the use of a potentially useful basic notion for empirical research on innovation measurement, and contributes to the formulation of the research problem in Accounting Sciences, still dependent on efforts under way for the use of multivariate analytical methods in the measurement of the organization's intangible assets.
As a management contribution, the article confirms the association between the new organizational structure of patient care associated with clinical research and the result of the pro-entrepreneurial restructuring strategy in the laboratories, providing evidence on the potential benefit of its replication for the expansion and improvement of comprehensive care in infectious diseases. The case study method limits generalization of the results, mainly because there are no other multipurpose institutions that use this approach for measurement and analysis, and the Efficiency Analysis is thus limited to benchmarking among the organization's own laboratories. However, the effect of organizational innovation on innovative orientation and the laboratories' performance was empirically demonstrated. The research effort can serve as the basis for future studies and for orienting correlated performance monitoring measures in other multipurpose organizations, thereby allowing comparison of results and measurement of efforts.
